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BLACK LIQUOR TREATMENT METHOD 

TECHNICAL FIELD 

In treatment of black liquor discharged from paper manu 
facturing/pulp and paper manufacturing industries, the black 
liquor contains lots of harmful properties. Thus, a large 
amount of investment is made in equipment for the measures 
to recover alkaline and to concentrate the black liquor, and 
incineration processing is carried out including energy use. 
But it takes a large amount of cost and discharge of air 
polluting and malodorous substances into the air. The present 
invention relates to offering of a method for treating this black 
liquor. 

BACKGROUND ART 

The black liquor is discharged from a pulping (removal of 
lignin) process of Wood substances. The origin of the black 
liquor is pulping liquor, and since the pulping liquor uses 
sodium hydroxide to dissolve lignin in Water and further uses 
sodium sul?de to promote removal of lignin, the black liquor 
is a harmful alkaline liquid substance containing hydrogen 
sul?de, methyl mercaptan, dimethyl sul?de, and dimethyl 
disul?de generated by hydrolysis of sodium sul?de as Well as 
carbohydrates, organic acids and resins other than lignin. 

In a conventional black liquor treatment method, this liquid 
substance is concentrated using a large-scale multi-effect 
vacuum evaporator method to increase the concentration of a 
solid portion, and the concentration is further increased by 
oxidiZation by air, sodium sul?de and an e?Iuent of sulfate 
salt are added to this black liquor and then bumed. After that, 
sodium carbonate, sodium sul?de, Which are inorganic 
chemicals, are recovered from the ash, and burning energy is 
used for Water feed heating of a boiler, but much of it is 
discharged to the air. 
And the sodium carbonate is dissolved in Water, calcium 

hydroxide is converted to sodium hydroxide, and the sodium 
hydroxide is used as the pulping liquor again to promote 
recycling. 

HoWever, the equipment cost of the measures in the con 
ventional art is large, malodorous substances leak to the out 
side of the facilities, and a large quantity of Water is used. And 
since most of lignin is burned and discharged to the air as an 
exhaust gas, required treatment costs are extremely large. 

The unique odor felt in the vicinity of plants for paper 
manufacturing/pulp and paper manufacturing in our country 
is caused by sulfur compounds such as dimethyl sul?de. 
Since a large quantity of Water is used, it is discharged after 
use and emission of exhaust gas is extremely large, there is a 
demand for black liquor treatment in a method friendly to the 
environment. 

DISCLOSURE OF INVENTION 

The present invention is to solve the above problems and is 
a treatment method of black liquor constituted as below. 
(1) A black liquor treatment method characterized in that, 

after alkaline black liquor discharged from paper manufac 
turing/pulp and paper manufacturing industries is diluted 
With Water and then, acid is added to the liquor and its pH 
is adjusted to 2.5 to 3.5. Then, a slight amount of an aggre 
gating agent is added to solidify lignin contained in the 
black liquor to be settled, or settled and ?oated so that it is 
separated into a solid substance of lignin and clean Water. 
In this case, the types of acid to be added are hydrochloric 

acid, sulfuric acid, nitric acid, formic acid, ?uorinated acid 
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2 
and the like, and most of lignin contained in the black liquor 
is settled by this treatment and lignin can be easily separated. 
(2) A black liquor treatment method, Wherein oZone gas is 

brought into contact With the clean Water for reaction 
described in the above (1) and one or tWo or more compo 
nents selected from unsettled lignin contained in the clean 
Water, organic acids and resins contained in Wood sub 
stances, soluble carbohydrate substances contained in 
hemi-cellulose or other sulfur compounds are oxidatively 
decomposed by oxidiZing poWer of oZone. 

(3) A black liquor treatment method, Wherein, after sand 
?ltration of the clean Water, contact reaction of the oZone 
gas described in the above (2) is carried out. 

(4) A black liquor treatment method, Wherein oZone gas is 
supplied to the clean Water described in any one of the 
above (1) to (3) as micro bubbles for contact reaction. 

(5) A black liquor treatment method, Wherein in a process of 
contact reaction of the oZone gas With the clean Water 
described in any one of the above (2) to (4), ?rst, the oZone 
gas is mixed With a part of the clean Water in a high-speed 
stirrer to have a micro bubble mixed liquor of the oZone gas 
and the micro bubble mixed liquor is discharged into the 
clean Water. 
The clean Water after solid-liquid separation or the like 

contains lignin, soluble carbohydrate substances contained in 
hemi-cellulose, organic acids in Wood substances and their 
neutraliZers, resins contained in the Wood substances and 
their saponi?ed substances, tall oil, dimethyl sul?de, hydro 
gen sul?de, methyl mercaptan, dimethyl disul?de and the 
like, and strong oxidant is required for decomposition of these 
organic sub stances. The present invention solves the problem. 
The ozone gas, Which is a strong oxidant, is currently made 

by an oZone generator, but nearly 90% of it contains 02, N2, 
CO2 and the like With about 10% being 03. Therefore, in 
order to make use of the oxidiZing poWer of this 03 as much 
as possible, conditions to facilitate promotion of oxidative 
decomposition by 03 are needed. Since When pH of the black 
liquor is loWered to about pH3 by acid, the oxidiZing poWer of 
this 03 is increased, that is, the smaller the bubble of 03 gas is, 
the larger the reaction surface becomes, Which means drastic 
increase of the oxidiZing poWer. 

In order to reduce the siZe of a particle of 03 gas bubble to 
the micro level, the clean Water and O3 is mixed at a high 
speed, for example, it became possible to make the siZe of the 
03 gas bubble extremely small. This small bubble is 
destroyed/extinguished by the time When it reaches the clean 
Water level, but at the instant of this destruction/extinction, 
the internal temperature of the bubble is said to become as 
high as several thousands degrees and the pressure being as 
high as several thousands atmospheres. It is preferable to treat 
the 03 gas in the micro-level bubble state after pH adjustment 
by addition of acid. At this time, it is preferably irradiated 
With an ultrasonic Wave at the same time, since the destruc 
tion/ extinction action is promoted. 
(6) A black liquor treatment method, Wherein a high-speed 

stirrer described in the above (5) is made of stainless mate 
rial and in a structure that the clean Water is introduced into 
an impeller type stirrer rotating at a high speed of 3000 to 
20000 rotations per minute and oZone is bloWn into, in 
Which the clean Water and oZone are mixed in the stirrer, 
oZone at this time is to become a micro bubble and a 
mixture of the micro bubble and the clean Water are dis 
charged into the clean Water reserved in a reaction tank 
from beloW and reserved in the clean Water for a long time. 

(7) A black liquor treatment method, Wherein the clean Water 
obtained in the above (1) or the clean Water liquor given 
oxidative treatment With oZone obtained in any one of the 
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above (2) to (6) is used as diluting water for the black liquor 
or water for pulp and paper manufacturing. 

(8) A black liquor treatment method, wherein the clean water 
to which contact reaction of ozone gas described in any one 
of the above (2) to (6) is applied is neutralized and then, 
adsorption treatment is given by bringing it into contact 
with active carbon. 
The organic acids contained in the clean water are com 

pletely decomposed to CO2 and H20, and ?nally, impurities 
can be adsorbed and removed by the active carbon to obtain 
puri?ed water. The obtained puri?ed water (clean water) can 
be also used for dilution and as water for pulp and paper 
manufacturing. 

In this way, according to the present invention, removal 
(separation) of lignin in the black liquor is easily achieved by 
making the dissolved lignin into suspended solids (SS) by pH 
adjustment. 
And it is possible at a normal temperature and a normal 

pressure, and an electric utility charge involved with use of O3 
can be considerably reduced by effects of acid and micro 
bubbles. 

Generally speaking, the oxidative decomposing power of 
ozone (O3) is based on the oxidizing power of an oxygen atom 
in ozone. pH in the black liquor is lowered to about 3 by 
addition of acid so as to bond a hydrogen atom in the acid with 
ozone atom and an active oxygen having a oxidizing power 
stronger than the oxygen atom is generated. The oxidizing 
power of this active oxygen has a decomposing power far 
exceeding the oxidizing power of the oxygen atom, and the 
decomposing power is remarkably improved by adding acid 
to the clean water of a substance to be treated to brig it to about 
pH 3 and by adding ozone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a system diagram of an embodiment of the present 
invention; 

FIG. 2 is a ?owchart of the embodiment of the present 
invention; and 

FIG. 3 is a ?ow chart of the embodiment of the present 
invention. 

DESCRIPTION OF REFERENCE NUMERALS 

1: Black liquor reserving tank 
2: pH adjustment tank 
3: Dehydrator 
4: Ozone reaction tank 
5: Neutralizing tank 
6: Active carbon tower 
7: Treated water reserving tank 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

An embodiment of the present invention will be described 
based on an example. 

Embodiment 1 

FIG. 1 shows a system diagram of the embodiment and 
FIG. 2 shows its ?owchart. 

First, in FIG. 1, black liquor is reserved in a reserving tank 
1 from the left. 

Then, the black liquor and diluting water is put in a pH 
adjustment tank 2, and by adding acids such as hydrochloric 
acid, sulfuric acid and the like as well as an aggregating agent 
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4 
and by gently stirring, lignin and the others are settled. At this 
time, it is preferable to add a slight amount of ?uorinated acid 
as an acid. 

Then, in a dehydrator 3, lignin is sorted out as a solid 
substance by ?lter press, for example. 
The liquid from which lignin was removed by ?lter press is 

introduced into an ozone reaction tank 4 for contact reaction 
with ozone as micro bubbles. 

At this stage, ozone gas, which is a strong oxidizing sub 
stance, has its oxidizing power maximized, and the smaller 
the O3 gas bubble is, the larger the reaction surface becomes, 
and the oxidizing power is remarkably increased. 

In order to reduce the size of a particle of the O3 gas bubble 
to a micro level, the clean water and O3 are stirred at a high 
speed. Then, the size of the O3 gas bubble can be extremely 
reduced to a small bubble and at the instance when this bubble 
disappears, the internal temperature of the bubble is said to 
reach as high as several thousands degrees and the pressure 
being as high as several thousands atmospheres, and the reac 
tion progresses strongly. 

Next, in a neutralizing tank 5, an alkaline liquid is added for 
neutralization and then, it is introduced into an active carbon 
tower 6, where all the impurities are adsorbed and removed to 
have puri?ed treated water. 
The treated water is reserved in a treated water reserving 

tank 8 and introduced into a pH adjustment tank 2 to be used 
as (1) diluting water or (2) other industrial water. 

In the ?owchart in FIG. 2, more speci?c description is 
made with letters. 

Example 2 

The black liquor was treated according to the ?owchart 
shown in FIG. 3. 

First, 50 t of diluting water is added to 10 t of black liquor 
stock solution (containing 20% of solid portion) to have 60 t 
of liquor to be treated in total. 900 kg of hydrochloric acid is 
added and 1.8 kg of polymer aggregating agent is further 
added while stirring. And then, it is left as it is so that a liquid 
portion and a solid portion are separated. 
The obtained 48 t liquor portion is sand-?ltered, and ozone 

gas in the micro bubble state is introduced into the ?ltered 
water obtained by sand ?ltration for oxidization treatment 
and then, 300 kg of sodium hydroxide is added for neutral 
ization treatment. Then, the neutralized water is passed 
through an active carbon column for adsorption treatment of 
impurities to obtain puri?ed water. 

This puri?ed water is used as the above diluting water or 
water for pulp and paper manufacturing. 
On the other hand, 12 t of the solid portion obtained in the 

above liquid-solid separation process is put through ?lter 
press for ?ltering and separated to 11,610 kg of desorbed 
liquor and 390 kg of dehydrated cake (percentage of moisture 
contents: 78%). At ?ltering separation, it of ?lter fabric wash 
ing water and 3 kg of aggregating agent are used. 
The desorbed liquor and the ?lter fabric washing water are 

added to the liquid portion before sand ?ltration. 
Also, 39 kg of calcined lime is added to and mixed with the 

above dehydrated cake to obtain 429 kg of treated substance 
in the dry and coarse particle state. This treated substance 
contains lots of lignin and is a composition easy to be handled 
and not water-soluble. 

Table 1 shows analytic values of the stock black liquor and 
the treated liquor in each process. 
As is seen from the numeral values in the table, the water 

quality of the ?nally obtained treated water (puri?ed water) 
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has excellent values all in BOD, COD, SS and the like, and it 
Was found out that the Water is puri?ed Water With excellent 
Water quality. 

TABLE 1 

Subject, A, B 
Item 
Stock sample (Stock black liquor) 
Sand ?ltration (inlet) 
Sand ?ltration (outlet) 
03 reaction toWer (inlet) 
03 reaction toWer (outlet) 

SS, 10 or less, 10 or less 
Active carbon adsorption (inlet) 

SS, 10 or less, 10 or less 
Active carbon adsorption (outlet) 

SS, 10 or less, 10 or less 
Treated Water quality (puri?ed Water) 

SS, 10 or less, 10 or less 
Unit BOD, COD are mgL, SS is mgkg. 
Industrial Applicability 

The present invention can be employed as an effective 
treating method for black liquor containing lignin in the paper 
manufacturing, pulp and paper manufacturing ?elds. 

According to the present invention, lignin and alkali can be 
e?iciently sorted out of the black liquor, and the treated Water 
can be utiliZed for various applications including diluting 
Water for the black liquor, Water for pulp and paper manufac 
turing and so on. 

The invention claimed is: 
1. A black liquor treatment method, comprising: 
diluting alkaline black liquor discharged from paper pulp 

ing operation With Water, 
adding acid to the liquor so as to adjust pH in a range from 

2.5 to 3.5, 
adding an aggregating agent to solidify lignin contained in 

the black liquor to be settled, or settled and ?oated, so as 
to separate a solid substance of lignin and clean Water, 
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6 
?ltering the clean Water, and 
contacting oZone gas With the clean Water in a reaction tank 

so as to oxidatively decompose at least one component 
selected from the group consisting of unsettled lignin 
contained in the clean Water, organic acids and resins 
contained in Wood substances, soluble carbohydrate 
substances contained in hemi-cellulose, and sulfur com 
pounds, 

Wherein the oZone gas is bloWn into a part of the clean 
Water and stirred by a stirrer so as to form a micro bubble 
mixed Water of the oZone gas, and the micro bubble 
mixed Water is discharged into the clean Water, 

the stirrer is made of stainless material, and comprises an 
impeller type stirrer rotating at a speed of 3000 to 20000 
rotations per minute into Which the part of the clean 
Water is introduced and the oZone gas is bloWn, thereby 
mixing the clean Water and the oZone gas With the stirrer 
so that the oZone gas becomes the micro bubble, and 

a mixture of the micro bubble and the clean Water is dis 
charged into the clean Water in said reaction tank from 
beloW so that the micro bubble remains in the clean 
Water for an effective time to decompose said compo 
nent. 

2. A black liquor treatment method according to claim 1, 
Wherein the clean Water or the clean Water containing oZone is 
used as diluting Water for the black liquor or Water for the 
paper pulping operation. 

3. A black liquor treatment method according to claim 1, 
Wherein the clean Water containing oZone is neutraliZed, and 
adsorption treatment is subsequently conducted by contact 
ing the clean Water With active carbon. 

4. A black liquor treatment method according to claim 1, 
Wherein the clean Water is irradiated With an ultrasonic Wave 
during the contacting step. 


